S
ince it was first reported in late 2009 (1), New Delhi metallo-␤-lactamase 1 (NDM-1) has become a global public health concern, because NDM-1-producing bacteria tend to be resistant to all antibiotics except tigecycline and colistin, and because these bacteria have spread rapidly to different regions (2) . The bla NDM-1 gene has now been detected in various species of Enterobacteriaceae as well as several non-Enterobacteriaceae species (1, (3) (4) (5) . It is typically carried by plasmids but occasionally can be chromosome-borne (6) . The genetic features associated with bla NDM-1 are diverse (6) .
The first episode of infection caused by NDM-1-producing bacteria in Taiwan occurred in November 2010 (7) . Cultures of urine and drainage from a pelvis cystic lesion of a patient yielded carbapenem-resistant Klebsiella oxytoca, which was susceptible only to tigecycline and colistin. Genome sequencing of the recovered isolate, E718, was recently completed (8) ; however, the genetic determinants of antimicrobial resistance were not defined. We hereby report the sequence annotation and comparative analyses of pKOX_NDM1 and pKOX-R1, two plasmids identified in E718.
The bla NDM-1 -positive plasmid from E718 was first sequenced by 454 GS junior pyrosequencing using a 3-kb mate-paired library. The output sequences were assembled using Newbler software. One circular DNA scaffold containing the bla NDM-1 gene was finished and named pKOX_NDM1 (GenBank no. JQ314407). The assembly of pKOX_NDM1 was verified by restriction mapping and Southern analysis with a bla NDM-1 probe. A second large plasmid, pKOX-R1 (GenBank no. CP003684), was found after complete genome sequencing of K. oxytoca E718 (8) . After annotation, functions of predicted open reading frames (ORFs) in both plasmids were identified, including those for replication, plasmid stability, mobile elements, conjugative transfer, antibiotic resistance, and the DNA restriction-modification (R-M) system. pKOX_NDM1 is a 110,781-bp circular plasmid encoding Inc-FIB and IncFII replication proteins (Fig. 1) . Most genes responsible for conjugation (25/28) clustering in the left half of pKOX_NDM1 (nucleotide positions 63205 to 94310) are highly similar (Ͼ95% identities) to the IncF conjugative operon of plasmid MT isolated from Yersinia pestis Pestoides F (GenBank no. NC_009378). In addi-
FIG 1
The genetic map of pKOX_NDM1. A circular representation of pKOX_NDM1 was generated by using CGview (23) . From the inside outward, the first, second, and third circles show the regions with over 50% nucleotide identity to pGUE-NDM (IncFII), pNDM-1_Dok01 (IncA/C), and pNDM-HK (IncL/M), respectively. The fourth and fifth circles show the genetic features in counterclockwise and clockwise directions, respectively. Color-coded text indicates gene functions of plasmid replication and maintenance (in black), antimicrobial resistance (in green), and mobilization (in red). The asterisk shows the predicted inactive insertion sequence (IS) element due to a truncation of the transposase. The yellow arc indicates a gene cluster functioning in conjugation.
tion, several insertion sequence (IS) elements are dispersed in the right half of the plasmid (nucleotide positions 5058 to 54617).
Many of the bla NDM-1 -carrying plasmids isolated from Enterobacteriaceae that have been published to date belong to the IncA/C group (9-11) (GenBank no. JF503991, JF714412). In addition, various isolates of the IncN2 (12), IncL/M (13), IncFII (14) , and IncH (15) groups have been identified in different countries. Comparative analysis showed that pKOX_NDM1 does not resemble any of the bla NDM-1 plasmids. Only the bla NDM-1 region was conserved, and the shared sequence ranged from 1,100 to 5,947 bp in length (Fig. 2) . The left boundary was located 196 bp upstream of the bla NDM-1 gene (position of pKOX_NDM1: 39697), which contained a remnant of ISAba125 (Fig. 2 ). This observation is consistent with a previous report (6) that partial ISAba125 served as the promoter of the bla NDM-1 gene. The other boundary varied, with locations from 91 bp (position of pKOX_NDM1: 38598) to 4,938 bp (position of pKOX_NDM1: 33751) downstream of the bla NDM-1 gene. The minimal conserved region contained only the bla NDM-1 gene itself, whereas the maximal conserved region also included the downstream sequence, starting from a bleomycin resistance gene (ble MBL ) and extending to a truncated transposase InsE (Fig. 2) . Since most plasmids with a maximal conserved region are of the IncA/C type, this implies that pKOX_NDM1 and these IncA/C plasmids may have derived from the same origin. Interestingly, a 256-bp direct repeat (yellow rectangle in Fig. 2 ; positions 33495 to 33750 and 39696 to 39951) was found immediately adjacent to the bla NDM-1 region (positions 33751 to 39697). This 256-bp element exhibited some of the features of miniature inverted repeat elements (MITEs) (16) , including 39-bp imperfect inverted repeats (IRs) on both sides, and the corresponding RNA can potentially form a long stem-loop structure. So far, this 256-bp sequence has not been recorded in MUST (17) or ISfinder (18) . Of note, 12 other plasmids of Enterobacteraceae were found to have a similar element (86% to 98% identity). Except for a brief annotation as a 257-bp unknown IS vestige in a bla NDM-1 plasmid, pTR3 (19) , this element has not been reported. We speculate that the acquisition of the bla NDM-1 gene of pKOX_NDM1 might be mediated by transposition through this element.
The other plasmid, pKOX-R1, is a 353,865-bp chimera plasmid containing three replication initiation protein genes of at least two replicon types: IncA/C and a novel IncH group (Fig. 3A) . Genes conferring resistance to many classes of antibioticsincluding ␤-lactams, aminoglycosides, fosfomycins, macrolides, and fluoroquinolones-and those involved in resistance to heavy metals were found (Table 1) . A search of the NCBI database identified two armA-associated regions (region I, positions 133971 to 159654; region II, positions 337148 to 350762) (Fig. 3B) . A 10-kb repeat was found in these two regions; it is nearly identical (1-bp difference at the mph gene) to armA-positive plasmids, such as pCTX-M3 (20) and pNDM-CIT (21) . Both regions contained integrons, which carried genes of drug resistance to aminoglycosides [aadA2, aadA5, aac(6)-Ib], trimethoprim (dfr), and sulfonamide (sul). The integron of region I included a Tn3-like element that contained bla TEM-1 and bla CTX-M-3 (22) . Together with bla SHV-12 , pKOX-R1 carried three ␤-lactamase genes commonly seen in drug-resistant Enterobacteriaceae.
Conjugation transfer of pKOX_NDM1 to Escherichia coli J53 resulted in colonies resistant to aminoglycosides and to all tested ␤-lactams except aztreonam (Table 2) . Also, we screened transconjugants for pKOX-R1 by ciprofloxacin (0.5 g/ml) or aztreonam (2 g/ml). The selected colonies were positive for the pKOX-R1 sequences (data not shown). Thus, the resistance profile of K. oxytoca E718 overall can be explained by the genetic determinants of the two plasmids, except that the gyrA and parC target site mutations account for the full resistance to ciprofloxacin. Additionally, genes involved in resistance to aminoglyco- sides, trimethoprim-sulfonamide, tetracycline, chloramphenicol, and heavy metals were also found in the K. oxytoca chromosome (8).
In conclusion, by complete genome sequencing, we identified not only an NDM-1-positive plasmid but also another multidrugresistant plasmid in the same host. Previous studies of bla NDM-1 -positive bacteria have focused on the plasmids carrying the bla NDM-1 gene. Here, we took a comprehensive approach, analyzing the entire genomic makeup to correlate the antibiotics' susceptibility profiles with their genetic determinants. We conclude that the sequences from both pKOX_NDM1 and pKOX-R1 are required to account for the full antimicrobial resistance of K. oxytoca E718, a "superbug." Carriage of these two plasmids provides high-level resistance to almost all available antibiotics as well as the means for dissemination of these resistance determinants. Thus, our findings highlight the potential for further emergence of "superbugs" under selective pressure and the need for judicious antibiotic use.
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